Electroless Ni/Au plating is presently in use with high-density Jisso technology in the manufacture of electrical appliances. Electroless Ni/Au plating is said to be less satisfactory than conventional electrolytic plating with respect to the quality of solder joints and lead-free solder in particular. The reason for this is considered the P-rich layer which forms at the interface of solder bulk and Ni layer but this has yet to be fully confirmed.
Introduction
Owing to the toxicity of lead, with its potential risk to human health, the use of lead-free soldering is being given serious consideration in the manufacture of electronic devices and appliances. 1) Because of lead-free solder with poor wettability on a copper electrode, the copper electrode surface must thus be finished with electroless Ni/Au plating to ensure adequate wettability of the solder in the electronic manufacture industry. In Ni/Au plating, with the advance of high-density Jisso technology, 2) electroless plating is finding greater application since there is no requirement for feeding leads during plating. In this issue, Jisso technology means mounting, bonding, packaging, etc. The reliability of solder joints, especially lead-free solder joints, in electroless plating is said to be less satisfactory compared to electrolytic plating. 3, 4) This problem may possibly derive from the P-rich layer formed between solder bulk and the Ni layer in electroless plating [5] [6] [7] though this has yet to be fully confirmed. A method has been established to lessen Ni corrosion as much as possible, using a different electroless Ni/Au solution, in which substitution and reducing reactions take place simultaneously. 8, 9) In this study, evaluation is made of Sn-3 mass%Ag-0.5 mass%Cu lead-free solder joints under high temperature storage using electroless Au plating. Results obtained with autocatalytic electroless Au plating involving substitution and reducing reactions are compared with those by immersion Au plating. Immersion Au plating means the Au layer is formed by only the substitution reaction. Examination is made as to why, in electroless plating, solder joints may be less satisfactory than in electrolytic plating.
Experimental Procedure
A glass-epoxy resin substrate with 0.3 mm diameter Cu pads was prepared. On the surface of each pad, electroless Ni plating was conducted. Ni plating layer thickness was 0.003 mm and the layer contained 8 mass%P. The Cu pads were produced by depositing Au on the Ni layer. Au layer thickness in all cases was 90 or 150 nm at plating times of 10 and 30 min, respectively. For Au plating, a solution was prepared so that Au deposition would take place by substitution and reducing reactions that occur simultaneously. The Ni/Au layer surface was observed with a scanning electron microscope (SEM). The Au layer was removed with removal solution including KCN. This removal solution is used generally for quality control of Ni/Au plating process. And its surface was observed by SEM. A Sn-3 mass%Ag-0.5 mass%Cu lead-free solder ball 0.35 mm in diameter was prepared as a solder joint by reflow soldering in a reflow furnace. Peak temperature and holding time over 220 C in the reflow process were 250 C and 60 s, respectively. All solder joints were subsequently exposed to heat treatment at 150 C for 500 h. The ball pull test by cold bump pull (CBP) method was carried out prior to and after heat exposure [refer to Fig. 1 , Table 1 ], at a test speed of 10 mm/min. In this method, vertical force is applied to the solder ball by special jaw and no melting of the solder ball is involved. Following this test, fracture surfaces were examined using an electron probe X-ray microanalyzer (EPMA) and SEM. Additional ball shear tests were conducted, each at a test speed of 15 mm/min. Microstructural observation of cross sections of solder joints and fracture surfaces after the ball shear test was made by SEM. The results obtained with an Au layer formed by substitution reaction were compared with these obtained for the layer produced by the above current reaction. Figure 2 shows the surface of each electroless Ni/Au plating layer; that of the Ni layer, following removal of the Au layer, is presented in Fig. 3 . All Ni/Au layer surfaces appeared smooth and were unaffected by Au plating time. Figure 3 shows cavities sub-micron in size and micro cracks to be present on the Ni layer surface at a plating time of 30 min. Cavity formation occurred regardless of the plating solution used. In the current reaction at 30 min, this formation was considerably limited and the Ni layer surface was without any micro cracks.
Au deposition by substitution reaction requires ionization of Ni following electron transfer between Ni and Au. The sites of Ni corrosion are not always the same as those for Au deposition and are not completely covered by Au. Consequently, these sites may become cavities or micro cracks. 10, 11) The reagent for the reducing reaction provides electrons to Au ions and according by, Au deposition occurs without Ni ionization. Ni corrosion increases with Ni ionization. The number of cavities on the Ni layer in the current reaction must be less than in the substitution reaction so as to ensure the same Au plating thickness for a specified plating time. In the current reaction, the substitution reaction may contribute little to deposition and the extent of the contribution may be assessed based on the degree of Au deposition and corresponding Ni elution into the plating solution. This contribution in the present study was considered to be approximately 20% based on data from a previous study. In the current reaction, cavity formation may thus be considered quite limited. Figure 4 shows the results of ball pull tests. Ball pull strength after soldering was essentially the same in all cases EPMA quantitative data for each area, marked with alphabetical letters in Figs. 5(a), (c) and 6(a), (c), are presented in Table 2 . Shohji et al. 13) presumed Ni-Sn-P, (Cu,Ni) 6 Sn 5 and a P-rich layer to be formed during the substitution reaction and in this study, the same compound layers were presumed in the current reaction.
Ball pull strength
Based on the above, fracture formation may be concluded to occur at the interface between certain compound layers when ball pull strength is essentially constant. Reduction in ball pull strength may possibly result from and be limited to the particular site of dimple formation.
Ball shear strength
Ball shear test results are given in Fig. 8 . During heat treatment of solder joints on glass-epoxy resin, ball shear strength was noted to decrease slightly and in the current reaction, was virtually unaffected by plating time. Ball shear strength in current reaction and substitution reaction were basically the same as at 10 min but at 30 min, strength for the latter reaction was 15% less, possibly owing to the particular mode of fracture in the ball shear test. Comparison between Autocatalytic and Immersion Gold Plating in Lead-Free Solder Jointof Fig. 11(d) . Micro voids could be seen at the bottom of the dimples following the ball shear test and possibly may be the same as the cavities in Fig. 3(d) .
While finishing the copper electrode by electroless Ni/Au plating for soldering, cavities may form on a Ni/Au layer to give rise to dimples at the time of soldering and these may subsequently cause reduction in shear strength. In electrolytic plating, there should be no Ni corrosion during Au deposition and hence no cavity formation on the Ni layer surface. Thus solder ball joint strength is stably maintained even if solder joints incur shear stress. It should be possible to control cavity formation in electroless plating through use of appropriate plating conditions. Comparison between Autocatalytic and Immersion Gold Plating in Lead-Free Solder Joint 2735
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